Background: Although posterior correction and fusion surgery using pedicle screws carries the risk of vascular injury, a massive postoperative hemothorax in a patient with adolescent idiopathic scoliosis (AIS) is quite rare. We here report a case of a 12-year-old girl with AIS who developed a massive postoperative hemothorax. Case presentation: The patient had a double thoracic curve with Cobb angles of 63°at T2-7 and 54°at T7-12. Posterior correction and fusion surgery was performed using a segmental pedicle screw construct placed between T2 and T12. Although the patient's respiration was stable during the surgery, 20 minutes after removing the trachea tube, the patient's pulse oximetry oxygen saturation suddenly decreased to 80%. A contrast CT scan showed a massive left hemothorax, and a drainage tube was quickly inserted into the chest. The patient was re-intubated and a positive end-expiratory pressure of 5 cmH 2 O applied, which successfully stopped the bleeding. The patient was extubated 4 days after surgery without incident. Based on contrast CT scans, it was suspected that the hemothorax was caused by damage to the intercostal arteries or branches during pedicle probing on the concave side of the upper thoracic curve. Extensive post-surgical blood tests, echograms, and CT and MRI radiographs did not detect coagulopathy, pulmonary or vascular malformation, or any other possible causative factors.
Background
Hemothorax is usually related to chest trauma or to medical procedures such as central venous line insertion, thoracentesis, pleural biopsy, or intrathoracic surgeries that can injure lung parenchyma or intrathoracic vessels such as the intercostal or internal mammary arteries and their branches [1, 2] . Postoperative hemothorax has been reported as a complication associated with anterior procedures and posterior thoracoplasty [1, 3] in correction and fusion surgeries for scoliosis. The incidence of hemothorax in anterior scoliosis surgery is reported to be 1-2.2% [2] [3] [4] .
Hemothorax may be caused by surgical procedures such as releasing the pleurae from the vertebrae, or the removal and curettage of intervertebral discs and cartilage end plates. The placing of pedicle screws in the course of posterior correction and fusion surgery carries a risk of vascular injury. However, the occurrence of hemothorax associated with corrective surgery is as low as 0.1% [5] [6] [7] in patients with adolescent idiopathic scoliosis (AIS). A review article of the Scoliosis Research Society morbidity and mortality database also showed pulmonary complication, which included complication other than hemothorax, was 0.9% [8] . All previously reported incidents of postoperative hemothorax were treated by observation without additional intervention.
Here we report the case of a patient with AIS who developed a massive hemothorax after posterior correction and fusion surgery using a pedicle screw construct. The hemothorax induced acute respiratory failure and required the insertion of a chest drainage tube.
Case presentation
A 12-year-old girl with progressive trunk deformity was referred to our department. She had been diagnosed with AIS at 11 years old, and had started brace treatment. A full time underarm type brace was applied before surgery. The Cobb angles before brace treatment were 36°at T2-7 and 35°at T7-12. The curves were corrected to 31°and 27°with the correction rate of 15% and 22%, respectively after application of the brace. Because the deformity progressed in spite of the brace treatment, she was referred to our department to undergo surgical treatment. Physical examination found a prominent rib hump on the right side, and her right shoulder was slightly elevated. There were no abnormalities in her extremities or neurological examination. The patient weighed 31.8 kg (−1.20 SD), with a height of 132.5 cm (−2.37 SD).
Radiographs showed scoliosis of 63°at T2-7 and 54°at T7-12, and kyphosis of 25°at T5-12 ( Figure 1 ). Supine side-bending radiographs showed scoliosis of 50°at T2-7 and 35°at T7-12, and the curve flexibilities were 21% and 35%, respectively. The Lenke classification was type 2AN. Three-dimensional CT images showed no congenital deformity of the thoracic or lumbar spine. The mean pedicle width between T2-12 was 3.4 ± 1.3 mm (1.5-5.2 mm) on the right side, and 3.5 ± 0.9 mm (2.1-4.8 mm)
on the left side. The narrowest pedicle width was 1.5 mm at T3 and T4 on the right side, and 2.1 mm at T8 on the left side. Laboratory data showed no coagulation disorders (PT, 10.6 sec; APTT, 34.4 sec), and a pulmonary function test revealed normal lung function (%VC, 84%; %FEV 1.0 , 93%).
The patient underwent posterior correction and fusion surgery with a segmental pedicle screw construct at T2-12. After the posterior elements of the thoracic spine were meticulously exposed, pedicle screws were placed segmentally using a ball-tip probe technique [9] . No obvious pedicle perforation was noted during screw placements. Ponte osteotomies were performed between T3 and T6, since the proximal curve had low flexibility. The curves were corrected with a rod applied on the concave side of the main thoracic curve and in situ bending of the rod followed by a graft of local bone. The surgery took 184 minutes, with an estimated blood loss of 400 ml. The scoliosis was corrected to 10°and 18°, with correction rates of 84% and 67%, respectively ( Figure 2) . The patient's respiratory status was stable during the surgery. After confirming 100% SpO 2 , the patient was extubated without incident. A chest x-ray taken just before extubation was normal. However, within 20 minutes after removing the tube, SpO 2 dramatically decreased to 80% even though the patient was placed on 100% oxygen. A chest x-ray taken 25 minutes after surgery showed massive opacification in the left thorax ( Figure 3) . Contrast CT images of the chest revealed a massive hemothorax in the left pleural space, which was on the convex side of the upper thoracic curve (Figure 4) . However, CT images did not show a definitive arterial rupture or malpositioned pedicle screw.
Since the patient's SpO 2 remained as low as 80-85% even with oxygen treatment, a drainage tube was inserted in the chest 110 minutes after surgery, and 400 ml blood was drained. To prevent additional hemorrhage, an intubation tube was inserted again, and then 5 cmH 2 O positive end-expiratory pressure was applied, which stopped blood drainage from the chest. The tracheal and drainage tubes were removed four days after surgery. There were no signs of dyspnea or deteriorating SpO 2 after extubation, even though the patient was no longer on oxygen. Chest CT images taken one week after surgery showed no pleural effusion. The pulmonary function showed 88% of % vital capacity (%VC) and 95% of % predicted forced expiratory volume in one second (%FEV 1.0 ) two years after surgery.
Conclusions
Postoperative hemothorax is quite rare in posterior correction and fusion surgery for AIS. A systematic review of 1666 AIS patients who underwent posterior surgery using pedicle screw constructs identified only one hemothorax after surgery [6] . Another review of 5654 AIS patients who underwent posterior surgery also found only one hemothorax after surgery [5] . In both hemothorax cases, the hemorrhage was not substantial, and the patients were observed without further intervention.
To our knowledge, this is the first recorded case of an AIS patient who developed acute respiratory failure due to massive hemorrhage in the pleural space after posterior surgery with a pedicle screw construct, and who required the insertion of a drainage tube in the chest. Postoperative hemothorax appears to be more common in scoliosis associated with muscle dystrophy than in AIS. Modi et al. attributed this to spinal osteoporosis in patients with muscle dystrophy, which increases the risk of the vertebral body's lateral and anterior cortical walls being breached while probing the pedicle and inserting pedicle screws [1] . They also speculated that fragility of the blood vessels, including the intercostal arteries and their branches, is a risk factor for hemothorax [1] .
It was suspected that the hemothorax in our patient was caused by damage to a segmental vessel when probing the pedicle on the convex side of the proximal Figure 3 A chest x-ray taken 20 minutes after extubation.
A chest x-ray film taken twenty minutes after extubation shows a massive hemothorax in the left lung field. thoracic curve, since contrast CT images showed the hematoma pushing the lung away from the vertebrae in this area. Anatomically, the internal mammary arteries and their branches supply the anterior part of the pleurae, while the intercostal arteries and their branches supply the posterior part of the pleurae along each rib ( Figure 5 ). The hemothorax may have been caused by the rupture of an intercostal artery or arterial branch. Extensive CT, MRI, and echogram evaluation after surgery did not detect any other causative factors, such as coagulopathy or pulmonary or vascular malformation.
The hemothorax appeared on a chest x-ray taken twenty minutes after extubation. Bleeding from vessels injured during pedicle probing might have been suppressed during surgery by the positive airway pressure maintained by ventilation. After extubation, the negative intrathoracic pressure introduced by spontaneous inspiration might have allowed the injured vessel to start bleeding. The positive end-expiratory pressure, 5 cmH 2 O, that we used in this case is the standard pressure used to keep the lung from collapsing at the end-expiratory phase [10] ; the compressive force created by positive airway pressure successfully stopped the bleeding.
In a previous report of hemothorax after surgery to implant a cardiac pace maker, this method was reported to be effective for initially managing hemothorax if vital signs are stable [11] . If positive airway pressure does not stop the bleeding, catheter embolization or direct application of a hemostat by thoracotomy should be considered [12] .
This case illustrates that placing thoracic pedicle screws carries a risk of massive hemothorax that may become apparent after extubation, and confirms the effective use of re-intubation with positive end-expiratory pressure, along with chest drainage, to treat this serious complication.
